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ABSTRACT
This research aimed to characterize the spatial and temporal yields trend of soybeans in 267 administrative 
districts in Polissya and Forest-steppe ecoregions within Ukraine over 27 years (1991 – 2017). The common feature 
of temporal changes for all administrative districts is the existence of the trend that can be described by the fourth- 
degree polynomial. The trend type indicates its agro-economic (agro-technological) origin. Soybean yield dynamics can 
be described and interpreted by characteristic points of the fourth-degree polynomial. The absolute term of polynomial 
equation indicates the productivity of the soybean in the starting period. This indicator enables identifying areas with 
the most favorable soil conditions for soybeans cultivation. It is more appropriate to grow soybeans in the forest-steppe 
zone of Ukraine, and less appropriate in Polissya. The indicators of the maximum rate of reduction and the maximum rate 
of increase of yields can be used as markers of agroecosystem stability to agro-economic agro-technological factors. The 
value of the coefficient of determination indicates the contribution of agro-technological and agro-economic factors in 
soybean yields variation. These factors determine 7 – 89% of soybean yield depending on the area. The soybean yields 
in southern and eastern areas of the research region are the most sensitive to agro-technological and agro-economic 
factors and yields in the northern and western areas are the least sensitive.
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INTRODUCTION
Long-term trends in crop yields were investigated by 
using the data on global scales (Aizen et al., 2008; Aizen 
et al., 2009; Godfray et al., 2010; Lesk et al., 2016; Ray et 
al., 2012; Ray et al., 2013). Spatio-temporal variation of 
ecological processes can be decomposed into its spatial 
and temporal components (Hammond and Kolasa, 2014). 
Synchrony and persistence are important components 
of spatial and temporal variability. When the yield of 
certain crops increases or decreases in the same year in 
each of the two places, the culture of these places is in 
synchrony. On the other hand, the persistence manifests 
itself in the fact that the average yield is different in two 
locations or other spatial units (Li, 2015). Spatial patterns 
are diagnostic when they are used to uncover the hidden 
mechanisms in the landscape and are predictive as they 
indicate the most probable future behaviour of processes 
(Hammond and Kolasa, 2014).
The crop yield trends by using parsimonious regression 
models of increasing order may be classified into four 
categories including (1) increasing, (2) stagnating, 
(3) collapsed, and (4) never improved (Chen, 2018). 
“Yields never improved” – areas that have witnessed no 
significant yield improvements to date. “Yields stagnated” 
– areas where yields previously improved, but now are 
stagnating or declining. “Yields collapsed” – areas where 
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yields decreased or initially increased and then collapsed 
to the initial level. “Yields still increasing” – areas where 
yields are still increasing (Ray et al., 2012).
The percentage of number of yield-not-improving 
prefecture was higher in low latitude regions than 
high latitude regions for the three crops (rice, wheat, 
and soybean) in Japan (Chen, 2018). The southern and 
southeastern areas of Rwanda registered a trend decline 
in food crop yields perhaps due to an increase in aridity 
(Muhire et al., 2014). The drivers of agricultural production 
and their variability include technology, genetics, 
climate, soil, field management practices and associated 
management decisions such as fertilizer applications, 
tillage and crop hybrid selection, irrigation (Kukal and 
Irmak, 2018). Ecological regimes can explain large parts 
of overall yield variability, especially in regions with stable 
management conditions (Müller et al., 2017; Ray et al., 
2015). More intensive soybean management practices 
increased biomass and seed yield (Enrico et al., 2018). In 
some cases, soybean cultivar decisions should be based 
on selecting the highest yielding cultivars adapted to a 
particular geographic region and location regardless of 
the management system (Pedersen and Lauer, 2003).
The steady trend of increasing the global human 
population (Godfray et al., 2010) causes the urgent need 
to increase the production of quality agricultural products 
(Godfray et al., 2010; Tscharntke et al., 2012). Soybean 
(Glycine max (L.) Merril) is one of the main sources of protein 
and vegetable oil of the world being grown commercially 
and used as animal and human food for hundreds of years 
(Hilton et al., 2013, Dalposso et al., 2016). Considerable 
interest in this culture is due to fact that it contains the 
highest percentage of protein (40%) among the crops 
and second only to peanuts in terms of oil content (20%) 
of food crops. Soybean provides approximately one-
fourth of the world's edible oil and two-thirds of world 
production of protein meal (Golbitz, 2001). Soy proteins 
represent an excellent source of high-quality protein due 
to its excellent amino acid composition and a high level of 
digestibility (Rackis et al., 1971).
Across the 10 years from 2006 to 2016, world soybean 
production increased from 222 to 335 million metric 
tons (51% increase) (FAOSTAT, 2018). It is suggested 
that the high rates of increase in soybean worldwide 
production (more than five million tons/year in the period 
from 1970 to 2007) should continue due to the global 
population growth (70 million/year) and to the change in 
eating habits of the population (Tyagi et al, 2010; Hilton 
et al., 2013). On the other hand, the intense search for 
alternative sources of energy also stimulates consumption 
of soybean oil as a fuel. Thus, in the future soybean may 
also become the major energy crop. Although use rates 
of soybean do not increase as oil, demand for soybean as 
animal feed also increases (Hilton et al., 2013; Fernández-
Tirado et al., 2017).
In current market conditions in the agriculture 
of Ukraine noticeable change priorities for growing 
economically beneficial crops, leading to increased 
soybean acreage (Zuza et al., 2015; Shcherbachuk, 
2016). Ukraine is the largest producer of soybeans in 
Europe, and the 8th largest in the world (Chekhov, 2015). 
Now soybean is the 4th among the largest crops in the 
country, after cereals, sunflowers, and maize (Bezruchko 
and Kolisnychenko, 2011). The soybean market is one 
of the most rapidly growing markets in Ukraine (Babich 
and Babich-Poberezhna, 2011; Chekhov, 2015). Even 
though extensive experimental and productive soybean 
crops in Ukraine started only in 1926 (Enkin, 1959), the 
accounting of yield and gross harvest was fixed only since 
1965. In 1990, this culture had a share of only 0.3% of 
the total acreage of agricultural enterprises and gross 
harvest amounted to 99 thousand tones. Since 2003, the 
active expansion of the soybean area in Ukraine began. In 
2015, soybeans have a share of 11% of the total acreage 
of agricultural enterprises and there is the prospect of 
further growth (Babich and Babich-Poberezhna, 2010; 
Shcherbachuk, 2016).
The country fully satisfies domestic demand and 
exports more than half of the soybean (2.8 million UNPO 
in 2016/17). Such growth has occurred due to the high 
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profitability of crops, high prices, the requirements of 
external markets and geographical location (Bakhmat, 
2012; Kozhukhar, 2017). However, due to economic 
reasons and lack of government support, farmers can not 
comply with optimal technology for growing crops. The 
deficit financing leads to destabilization of agriculture 
in general, and particularly soybean. The average 
soybean yield in Ukraine is about 2 tones/ha, and it is 
almost 30% less than the average yield in the other top-
producing countries (Shcherbachuk, 2016). So now there 
is a significant potential for increased production, which 
can be realized by increasing productivity without any 
changes in the area of crops (Kozhukhar, 2017).
Therefore, the study of the spatiotemporal dynamics 
of soybean productivity is extremely important to assess 
the potential of increasing productivity and factors that 
constrain it. This study aims to characterize the spatial 
and temporal trend in soybean yield in 267 administrative 
districts that are in Central European Mixed Forests 
(Polissya) and East European Forest Steppe ecoregions 
within Ukraine over 27 years from 1991 to 2017.
MATERIALS AND METHODS
Data of crop yield
Crop data were obtained from State statistics service 
of Ukraine (http://www.ukrstat.gov.ua/) and its territorial 
offices. The time series datasets include averages by 
administrative districts of the annual yield of soybeans for 
10 regions of Ukraine, which include 267 administrative 
districts over 27 years from 1991– 2017. The research 
area is located in two natural vegetation and climatic 
zones: Forest zone (Polissya) and Forest steppe zone. 
Twenty-seven years’ data of soybeans from 1991 to 2017 
were available for 10 administrative regions (Cherkasy, 
Chernihiv, Khmel'nyts'kyy, Kyiv, L'viv, Rivne, Ternopil', 
Vinnytsya, Volyn, Zhytomyr) (Figure 1). Information about 
the annual yield of soybeans for Ukraine was obtained 
from FAO (FAOSTAT, 2018).
Climate and soil condition
Central European Mixed Forests ecoregion or Forest 
zone of Ukraine (Polissya) has a continental climate. The 
average temperature in July is +17 – +19 °C, in January 
it declines to -4.5 – -7.8 °С. The vegetation season lasts 
from the second decade of April to the third decade of 
October. The period with the average daily temperatures 
above +15 °C lasts approximately 95-125 days. The 
annual amount of temperatures exceeding +10 °C is 
around 2,600. This geographical zone has a flat terrain. 
The average annual precipitation is 550-650 mm. The 
highest precipitation, at the level of 400-450 mm, falls 
within the area of Albeluvisols Gleyic, which occupies 
about 75% of the territory of Polissya. The average forest 
cover of the zone is 30%. The regional cropland occupies 
33% of the whole territory of the zone, which is over 4 
million hectares (Struk, 1993).
The climate of East European Forest Steppe ecoregion is 
moderately continental. The average annual precipitation 
varies from 450-500 mm in the south-eastern part to 550 
mm in the central and 600-700 mm in the west of the 
zone. The thermal regime of this soil-climatic zone has 
the following characteristics: the sum of the average daily 
temperatures above 10°C in May-September is 2500-
2750 °C, the duration of the period with a temperature 
above 15 °C - 100-120 days. In Forest-steppe the fertile 
soils are located: Phaeozems Haplic, Chernozems Chernic, 
Phaeozems Luvic, Phaeozems Albic and others (Figure 1). 
Forests cover is insignificant - about 12%. Agricultural 
lands occupy 70% of the territory; including 66% of 
arable land (Babich and Babich- Poberezhna, 2010; Struk, 
1993).
Yield trend analysis
As an analytic form of the trend we chose between 
polynomials of different order (Ray et al., 2012). Yield 
trends were analyzed using parsimonious regression 
models of increasing order for: an intercept-only model 
(Equation 1), a linear model (Equation 2), a quadratic 
model (Equation 3), a cubic model (Equation 4) and a 
quartic model (Equation 5):
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Soil classification according World Reference Base for Soil Resources: ABgl –Albeluvisols Gleyic; ABst – Albeluvisols Stagnic; ABum –Al-
beluvisols Umbric; CHch –Chernozems Chernic; CHlv – Chernozems Luvic; CMdy – Cambisols Dystric; CMeu –Cambisols Eutric; CMgl 
– Cambisols Gleyic; FLdy – Fluvisols Dystric; FLeu – Fluvisols Eutric; FLgl – Gleyic Fluvisols; FLhi – Fluvisols Histic; GLhi – Gleysols Histic; 
GLhu – Gleysols Humic; GLso – Gleysols Sodic; HSfi – Histosols Fibric; HSsa – Histosols Sapric; HSsz – Histosols Salic; LPrz – Leptosols 
Rendzic; LVha – Haplic Luvisols; PHab – Phaeozems Albic; PHgl – Phaeozems Gleyic; PHha – Phaeozems Haplic; PHlv – Phaeozems Luvic; 
PHso – Phaeozems Sodic; PZet – Podzols Entic; PZha – Podzols Haplic; PZle – Leptic Podzols; PZrs – Podzols Rustic
Figure 1. Map of 10 administrative regions in Ukraine, Ecoregions and soil map
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Yx = b          (1)
Yx = b + a1x          (2)
Yx = b + a1x + a2x2          (3)
Yx = b + a1x + a2x2 + a3x3               (4)
Yx = b + a1x + a2x2 + a3x3+ a4x4       (5)
where:
Yx – crop yield in the time moment x, b, a1, a2, a3, a4 – 
coefficients.
Based on the chosen model parameters, crop yield 
trends may be classified into four main categories (Chen, 
2018): increasing, stagnating, collapsed, and never 
improved. These categories may be considered as a 
qualitative property of the yield trends. But important 
is quantitative characteristic of the trend in comparable 
terms. When the Akaike Information Criterion (AIC) 
criterion suggested a constant model, this implied that 
the yield-year relationship was a constant or that “yields 
never improved”. When the model chosen was linear, 
the yield trend may be classified based on the sign of 
the slope. If the slope was negative it meant that yields 
were decreasing always and thus they may be classified 
as “yields collapsed”. There wasn’t any case with a trend 
that may be classified as “yields collapsed” in our dataset. 
If the slope of the linear equation was positive, it meant 
that yields were increasing and thus were classified such 
areas as “yields increasing”. When the chosen model was 
quadratic and if the quadratic term was positive the trend 
was classified as “yields increasing”. When the quadratic 
term was negative the trend was classified as “yields 
stagnating”. When the chosen model was quartic the 
trend was classified as “yields stagnating”.
Choosing the statistical model that best represents yield 
trends
The Akaike Information Criterion (AIC) developed by 
Akaike (1974) was used to estimate the likelihood of a 
statistical model to the observed data, and computed AIC 
(Equation 6) for each of the five models (Equations 1–5):
  AIC = nlog (ss/n) + 2p,                       (6)
here, ss is the residual sum of squares, n is the sample size, 
and p is the number of parameters. A good model is the 
one that has minimum AIC among all the other models 
and was chosen as the best representation of the yield 
trend for a given administrative district. All calculations 
and data analyses were performed using R v 3.0.2 (R 
Development Core Team, 2013).
Each parameter of the linear model may be 
independently interpreted in such a way that it can be 
given a clear physical meaning. The magnitude derived 
from the slopes of the regression lines may be presented 
spatially in the form of maps (Muhire et al., 2014). This 
allows the appropriate coefficients treated as independent 
variables and explore their behavior depending on the 
other environmental variables, or explore the features of 
their spatial variability. The coefficients of polynomials 
of the higher-order, unless constant term, cannot be 
interpreted meaningfully. Lower order polynomials can 
be viewed as a simplified version polynomial of a higher 
order.
The total yield trend within the investigated area 
can best be described by a fourth- degree polynomial. 
Therefore, in the next analysis phase for the quantitative 
comparison, the productivity trends in all administrative 
districts were described by the fourth- degree polynomials. 
Consequently, we selected the characteristic points of the 
fourth- degree polynomials: constant, the maximum rate 
of yields decreases in the range between fist maximum 
and minimum, the maximum rate of yields increases in 
the range between minimum and second maximum 
(Figure 2). To quantitatively estimate the special points 
values following calculations are performed.
Differentiating the fourth-degree polynomial enables 
to establish the rate of yields change over time:
                                                                                       (7)
Points of inflection of the function are where the 
second derivative is zero:
                                                                               (8)
The corresponding quadratic equation has two roots:
                                                                                       (9)
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Axis of abscissas – time (1 – 1991, 27 – 2017); ordinate axis – yields, dt/ha; b is an absolute term of polynomial equation; YMin – the value 
of the polynomial at the point of the local minimum; YMax – the value of a polynomial at the points of local maxima; tgα – the maximum rate 
of increasing crop yields in time between minimum and maximum, the tangent of the angle of inclination of the tangent to the curve of the 
polynomial at the inflection point (similar to the maximum rate of yields decline in the downstream branch)
Figure 2. The typical soybean yields dynamics during 1991-2017 and approximation of the trend by fourth-degree polynomial
Substituting the solutions of equation (8) into 
equation (7) we obtain the maximum rates of the 
decrease and increase the yield within the study period. 
These indicators are characteristic of a fourth-degree 
polynomial. Moreover, the slope of linear regression 
shows the convergence rate of the approximate trend in 
the respective statistical model (Marchev et al., 2015). 
This permits also exploring efficiency and comparison of 
different statistical models.
A spatial regularity of the crop yields and trend 
parameters variation were investigated by I-Moran 
statistics (Moran, 1950). The global Moran's statistics 
were calculated using Geoda095i (http://www.geoda.
uiuc.edu/) (Anselin et al. 2005). Spatial database was 
created in ArcGIS 10.2. The statistical analysis was 
performed by Statistica 10 software.
RESULTS
The annual temporal variation in average soybean 
yield in Ukrainian ranged between 7.2 (in 1994) and 23.0 
(in 2016) dt/ha, with a mean of 13.9 dt/ha and standard 
deviation 4.7, during the 25-year period between 1992 
and 2016. The annual temporal variation in average 
soybean yield in the region investigated ranged between 
7.1 (in 2001) and 14.4 (in 2016) dt/ha, with a mean of 
9.9 dt/ha and standard deviation 1.8, during the 27 years 
between 1991 and 2017. Between the average yield of 
soybean in Ukraine and yield in the investigated area, 
there is a statistically significant correlation (r=0.71, 
P<0.001) (Figure 3 B). But the nature of the trend in 
both cases is fundamentally different. For Ukraine, 
the general trend may be best described by a second-
degree polynomial (AIC=104.6, F=112.2, P<0.001) with 
a constant increase in productivity within the studied 
period. For the research area, the overall trend could be 
best described by a fourth-degree polynomial (AIC=73.4, 
F=26.2, P<0.001).
Figure 3. The soybean yields dynamics during 1992-
2016 total in Ukraine (dt/ha, left y-coordinate) and in 
region investigated (dt/ha, right y-coordinate) (A) and 
scatter plot of soybean yields total in Ukraine against 
soybean yields in region investigated (B).
It is established that the large majority of trend 
dynamics types in the soybean yield of the administrative 
regions can be described by the second or fourth-degree 
polynomials (Figure 4).
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Figure 3. The soybean yields dynamics during 1992-2016 total 
in Ukraine (dt/ha, left y-coordinate) and in region investigated 
(dt/ha, right y-coordinate) (A) and scatter plot of soybean yields 
total in Ukraine against soybean yields in region investigated (B)
Fourth-degree polynomial best describes the trend 
dynamics in 106 administrative districts (51.5% of the 
total), and a second-degree polynomial best describes 
the trend dynamics in 87 administrative districts (42.2% 
of the total). The northern part of the investigated area 
is represented by administrative districts, the dynamics 
of productivity which is best described by the second-
degree polynomial. This trend can be classified as "yields 
increasing". The southern part of the investigated area 
is represented by administrative districts, the dynamics 
of productivity which is best described by a fourth-
degree polynomial. This trend can be classified as "yields 
stagnating".
The total dynamics of averaged data of soybean 
yields in the studied region may be characterized by 
fourth-order polynomial. Such an approach allows us 
to characterize each administrative district using a 
common mathematical model. These models have three 
critical points: two local maxima and one local minimum. 
Soybean yield dynamics can be described and interpreted 
using characteristics of the inflection points of the fourth-
degree polynomial (Figure 2). The trend of soybean yield 
is described by the constant term of polynomial equation, 
the maximum rate of reduction and the maximum rate of 
increase in yield which are occurred in inflection points, 
and the coefficient of determination of the regression 
models.
Figure 4. Spatial variations of the yield trend types
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The constant term of polynomial equation (constant b) 
indicates the productivity of the soybean in the starting 
period. The constant b reflects the potential of yield at 
the initial period of research and it is an independent 
parameter of the temporary dynamics of soybean yields 
variability in time. The starting level of soybean yields is 
spatially dependent (Moran I-statistics is 0.61, P=0.001) 
and varies from 5.6 dt/ha (northern and north-eastern 
regions) to 14.7 dt/ha (southern and south-eastern 
regions) (Figure 5). This indicator enables identifying 
areas with the most favorable conditions for soybeans 
cultivation. It is more appropriate to grow soybeans in 
the forest-steppe zone of Ukraine, and less appropriate 
in Polissya.
The function value at the point of local minimum 
YMin indicates the "bottom" of the crop productivity 
dynamics and the value of YMax shows the highest yield 
of soy for the entire period of research. The state of 
maximum productivity YMax of the culture reflects a 
certain balance between factors of agro-economic and 
agro-technological origin on the one hand and biological 
potential on the other hand. In such a situation, one 
should expect the yield on the plateau, in which the yields 
variation will be determined by natural fluctuations only, 
which will be common in both natural ecosystems and 
Figure 5. Spatial variations in the level of soybean yields in the initial period of research (constant b of the regression equation)
agroecosystems by their origin. Instead of a plateau, there 
can be a decrease in yield, which itself generates a local 
maximum. Still, most researchers believe that shortly 
soybean productivity in Ukraine will increase (Bezruchko 
and Kolisnychenko, 2011; Bakhmat, 2012). Since local 
maxima are in the zones close to the edge of the range 
of the studied period, their exact definition is useless. 
In many cases, the maxima are outside the scope of the 
research period. Therefore, we do not use the value of the 
function in local maxima as the characteristic indicators 
of yields dynamics.
Between the local maximum and minimum on the 
one hand and the minimum and maximum of yields - on 
the other hand, there is an inflection of the polynomial 
curve, where the second derivative equals zero. At these 
points, the rate of decrease or increase of the crop yields 
becomes the largest, and the corresponding dynamics 
can be approximated by the linear dependence. The angle 
of the tangent to the regression line at the inflection 
point indicates the maximum rate of yields reduction or 
increase, respectively, this can be a characteristic indicator 
of the yields dynamics (Zymaroieva et al. 2019b).
By substituting the corresponding values of the 
arguments x1 and x2 into the derivatives of the regression 
equation, we can set a value that acquires the rate of 
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yields change at these points, which are maximal by the 
modulo. The indicators of the maximum rate of reduction 
and the maximum rate of increase of yields can be used 
as markers of agroecosystem stability to external factors 
(Figure 6 and 7).
Variation of the rate of crop yield reduction is spatially 
dependent (I-Moran statistics is 0.66, P=0.001). Variation 
of the rate of productivity growth is also spatially 
dependent (I-Moran statistics is 0.57, P=0.001).
Areas where soybean yield slowly reacts to changes 
in economic and technological conditions are in the west 
Figure 6. Spatial variation of the maximum rate of yields decline
Figure 7. Spatial variations of the maximum rate of yields increase
and south of the research region. The soybean yields in 
southern, central and eastern areas are less stable and 
more responsive to changes in technology, increasing 
productivity under favorable conditions.
The quality of the fourth-degree polynomial model 
is characterized by the coefficient of determination. 
The coefficient of determination indicates the level of 
compliance of the model with the real data and varies 
from 0.07 to 0.89 (Figure 8). Polynomial has the character 
of global regression.
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The existence of such a relationship occurs as a result 
of the impact of the constant external factor that affects 
the yields. The character of the general dynamics of 
yields, explained by regression, indicates that such factors 
are agro-technological and agro-ecological conditions of 
agricultural production. Consequently, the coefficient of 
determination can be interpreted as an indicator of the 
role of agro-technological and agro-economic factors in 
yields dynamics. The obtained data indicated that these 
aspects of productivity are the most important. The 
variation of the coefficient of determination is spatially 
dependent (I-Moran’s statistics is 0.50, p=0.001).
The southern and eastern areas of the research region 
are the most sensitive to agro- technological and agro-
economic factors and the northern and western areas are 
the least sensitive (Figure 8). The cluster with the highest 
sensitivity to non-ecological regular factors of yield 
dynamics is formed in the central areas of the region.
Comparative analysis (Minkova et al., 2019) and 
grouping (Milev et al., 2017) are other statistical methods 
that could be used for the classification of different 
geographical areas according to factors, e.g. agro-
technological and agro-economic factors.
Figure 8. Spatial variation of the coefficient of determination of the regression model
DISCUSSION
The need for soybeans in the world continues to grow 
based on strong demand for animal feed worldwide and 
significant growth in demand for biodiesel feedstock (Wolf 
and Cowan, 1975, Masuda and Goldsmith, 2009, Hilton et 
al., 2013). The current production of soybean in Ukraine 
however, is still far from reaching its potential. Soon, it 
should be selected intensive or extensive types of growth 
for this crop cultivation (Babich and Babich-Poberezhna, 
2011; Bakhmat, 2012,). The dynamic of soybean yield 
during the period of independence of Ukraine (1991 - 
2017) has the character of the fourth- degree polynomial, 
which respectively has two local maxima and one local 
minimum. The first local maximum of the soybeans yields 
was achieved in the pre-reform period (1990–1993) 
when intensive technologies of cultivation of this crop 
were widely used (Lukomets et al., 2013). The minimum 
soybean yield was at the end of the 90s and it was caused 
by the socio-economic crisis, which arose as a continuation 
of the collapse of the USSR (Lukomets et al., 2013). The 
most severe decline in yields occurred in 1995. Since the 
early 2000s, soybean production has increased, soy crops 
have started to expand throughout Ukraine. The highest 
rate of yield growth occurred in 2015. The second local 
maximum was in 2017. Although, most scientists predict 
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a further increase of soybean yield in Ukraine, and not 
only due to the expansion of sown areas, but also due to 
the intensification of growing technology (Babich et al., 
2013; Kozhukhar, 2017).
The characteristic points of the regression model 
may be the basis of zoning the territory of Ukraine 
and identifying the regions with the most favorable 
conditions for the cultivation of soybeans. Thus, the map 
of spatial variations in the level of soybean yields in the 
initial period of research (constant b of the regression 
equation) indicates the more favorable conditions for 
soybean cultivation in the central and southern regions 
of the research area. Consequently, in general, soybean 
cultivation is more appropriate in the Forest-steppe zone 
of Ukraine and less appropriate in the Polissya.
Babych and Babich-Poberezhna (2010) argue that 
the production of soy eventually involves the formation 
of a soybean belt in Forest-steppe of Ukraine. Here, the 
soil-climatic conditions are best suited to the biological 
needs of this culture, as a result, soybean achieves full 
maturity and forms a high yield. However, this research 
is more precise and allows to determine areas that may 
also be included in the soybean belt. With the help of the 
maximum rates of increase and reduction of yields, the 
areas where yields are more stable and less dependent 
on fluctuations in external factors, in particular, agro-
economic and agro-ecological factors can be identified. 
Obviously, regions with the lower potential of productivity 
(southern and western regions) are more stable.
The coefficient of determination can be interpreted 
as an indicator of the role of agro- technological and 
agro-economic factors in yield dynamics. The obtained 
data indicate that these factors are critical in some areas 
(R2=0.89), and in some areas, their influence is negligible 
(R2=0.07). Soybean yield in southern, eastern and western 
areas of the research region are the most sensitive to 
agro-technological and agro- economic factors and in the 
northern areas are the least sensitive. The cluster with 
the highest yield sensitivity to non-ecological regular 
factors of yield dynamics is formed in the central areas 
of the region.
Application of the new generation of soybean varieties, 
qualitative implementation of modern technologies of 
its cultivation, taking into consideration the features 
of soil and climatic conditions of the regions - are the 
opportunities for increasing the yield of soybeans in 
the future. Moreover, there is acreage growth potential, 
as the sowing area could increase up to 3 million ha (in 
comparison with the 2 million ha now) (Kozhukhar, 2017).
The environmental factors, such as climate, clearly 
also affect crop yields (Lobell et al., 2011; Tigchelaar et 
al., 2018; Li, 2015; Urban et al., 2015).It was found that 
the contribution of the ecological factors to the overall 
variation in soybean yields ranged from 11 to 93% 
(Zymaroieva et al., 2019a). A detailed study of the climate 
change impact on soybean yield will be the objective of 
our subsequent studies.
CONCLUSIONS
The general trend of soybean yield for 1990-2017 is 
a fourth-degree polynomial. The trend type indicates its 
agro-economic (agro-technological) origin. Soybean yield 
dynamic can be described and interpreted by characteristic 
points of the fourth-degree polynomial: the absolute 
term of polynomial equation, the maximum rate of yield 
reduction, the maximum rate of yield increases and the 
coefficient of determination. The map of spatial variations 
in the level of soybean yields in the initial period of 
research (constant b of the regression equation) indicates 
the more favorable conditions for soybean cultivation in 
the central and southern regions of the research area. 
Consequently, in general, soybean cultivation is more 
rational in the Forest- steppe zone of Ukraine (East 
European Forest ecoregion) and less appropriate in the 
Polissya (Central European Mixed Forests ecoregion). 
Areas where soybean yield slowly reacts to changes in 
economic and technological conditions are in the west 
and south of the research region, in the southern, central 
and eastern areas the soybeans productivity is less stable. 
The coefficient of determination can be interpreted as 
an indicator of the role of agro-technological and agro-
economic factors in yield dynamics. Areas, where these 
factors are the major determinant of soybean yield, are in 
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the south and east of the research region. Soybean yields 
in the northern and western areas are less dependent on 
agro-technological and agro-economic factors.
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